4 



(19) 



J 



Europfiisches Patentamt 
European Patent Office 
Office europeen dee brevete 



(12) 



(11) EP 0 609 585 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
09.04.1997 Bulletin 1997/1S 

(21) Application number: 932O366S.0 

(22) Date of filing: 23.12.1 993 



(51) Intel 6: E05F 15/14 



(54) A door opening and closing system 

Turoffnungs- und -schliesssystem 
Syst^me pour ouvrir/fermer une porte 



m 

00 

in 

a> 
o 

o 

LU 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 25.01.1993 US 8817 

(43) Date of publication of application: 
10.08.1994 Bulletin 1994/32 

(73) Proprietor GENERAL MOTORS CORPORATION 
Detroit Michigan 48202 (US) 

(72) Inventors: 

• Kuhlman, Howard Warren 
Rochester Hille, Michigan 48306 (US) 



• Joyner, Jeff rey Kendall 
Ann Arbor, Michigan 48108 (US) 

(74) Representative: Denton, Michael John et al 
Patent Section 
1st Floor 
Gideon House 
28 Chapel Street 

Luton Bedfordshire LU1 2SE (QB) 



(56) References cited: 
US-A- 1 795 452 
US-A- 5 025 591 



US-A- 4 065 976 
US-A- 5 046 283 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been fifed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



PfintedbyJouva. 75001 PARIS (FR) 



EP 0 609 585 B1 

Description 

The present Invention relates to a door opening and closing system for a sliding door of a vehicle. 
Van-type vehicles for passengers and for cargo are frequently equipped with a sliding side door. The sliding doors 
5 are supported and guided by rollers that run in fixed tracks (see US-A-5 046 283). These sliding doors are generally 
on the side of the vehicle opposite the vehicle operator's station. To open or close the sliding doors, it is necessary for 
the vehicle operator to leave the operator's station and either walk around the outside of the vehicle to the sliding door 
or to cross the inside of the vehicle to the sliding door Crossing the inside of the vehicle is often difficult or impossible 
due to cargo or passengers inside the van. 
TO Power systems for opening and closing sliding doors on vehicles have tong been considered desirable. Attempts 

to provide a power system for opening and closing sliding doors have had limited success. The systems have generally 
been complicated and expensive. Some of these sliding door opening and closing systems have not permitted manual 
opening or closing of sliding doors when the power system is inoperable for some reason. Other systems have not 
controlled the position of the door at all times thereby allowing some undesirable free travel. 
IS Sliding door slamming and lime requirements for opening and closing have also been problenns. Sliding doors 

which move rapidly must be stopped quickly upon closing. This rapid deceleration places large loads on vehicle struc- 
tures and causes noise. Acceleration forces that occur when sliding doors are accelerated from stationary states to 
relative high speeds also exert substantial loads on vehicle body structures that may lead to structural problenns. Sliding 
doors which close gently have tended to mov^ slowly and take excessive time to open and close. 
so An object of the present invention is to provide an improved door opening and closing system for a sliding door 

that maintains substantially the same cable tension in a closed cable loop during opening and closing. 

To this end, a door opening and closing system in accordance with the present invention is characterised by the 
features specified in Claim 1 . 

The door opening and closing system of the present invention Includes an effectively continuous cable loop that 
ss is attached to the sliding door and Is driven in one direction to open the sliding door and is driven in the other direction 
to close the sliding door. A pair of cable drive pulleys are preferably mounted on a common axis and are driven together 
by a motor in one direction or the other. The effectively continuous cable loop is attached to and driven by the cable 
drive pulleys to open the sliding door when the cable drive pulleys are driven in one direction and to close the eliding 
door when the cable drive pulleys are driven in another direction. 
30 The cable drive pulleys take cable out of one side of the continuous cable loop and feed cable into the other side 

of the continuous cable loop when the cable drive pulleys are rotated. The portion of the continuous cable loop which 
looses cable to the cable drive pulleys depends upon the direction of rotation of the cable drive pulleys. The continuous 
cable loop remains substantially the same length by wrapping cable on one of the cable drive pulleys at the same rate 
as the cable is unwrapped from the other cable drive pulley. 
35 Each cable drive pulley has a large diameter cable groove for high speed cable and sliding door movement and 

a small diameter cable groove for low speed cable and sliding door movement. The small diameter cable grooves on 
the cable drive pulleys drive the continuous cable loop and drive the sliding door during door latching to eliminate 
slamming and to provide increased force for seal compression and door latching. The small diameter cable grooves 
in the cable drive pulleys also drive the continuous cable loop following unlatching of the sliding door and during initial 
40 acceleration of the sliding door during door opening. 

The front cable section preferably extends.from the front cable drive pulley to a spring biased and fixed idler roller 
system and to a front cable roller guide assembly and to a hinge and roller assembly attached |o the sliding door The 
rear cable section preferably extends from the rear cable drive pulley to a spring biased and fiked idler roller system, 
and to a rear cable roller guide assembly and to the hinge and roller assembly attached to the sliding door The spring 
45 biased and fixed idler roller system for the front cable section includes a fixed idler roller that is spaced from and in a 
fixed predetermined position relative to the front cable drive pulley A spring biased idler roller is slidably mounted 
between the fixed idler roller and the front cable drive pulley. A spring biases the spring biased idler roller into contact 
with the front cable section. The spring biased idler roller increases tension in the front cable section and tends to wrap 
cable on the front cable drive pulley and to increase the amount of cable taken up in the front cable tensioner assembly 
so The spring biased and fixed idler roller system for the rear cable section includes a fixed idler roller that is spaced from 
and in a fixed predetermined positksn relative to the rear cable drive pulley. A spring biased Wler roller is slidably 
mounted between the fixed idler roller and the rear cable drive pulley A spring biases the spring biased idler roller in 
contact with the rear cable section. The spring biased idler roller increases tension in the rear cable section and tends 
to wrap cable on the rear cable drive pulley and to increase the amount of cable taken up In the rear cable tensioner 
55 assembly. 

The spring tension and fixed idler roller system for both the front cable section and the rear cable section are 
positioned in positions relative to the front and rear cable drive pulleys which balance the tension in the cable sections. 
The front arid rear cable sections are balanced when the tension in the continuous cable loop Is the same when the 
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front and rear cable sections are driven by the snnall diameter cable grooves on the front and rear cable drive pulleys 
as the tensbn in the front and rear cable sections when the front and rear cable sections are driven by the large 
dianneter cable grooves on the front and rear cable drive pulleys. 

The present invention will now be described, by way of example, with reference to the following detailed description 
5 and the accompanying drawings, in which:- 

Figure 1 is a view of the right side of a vehicle with a sliding ck)or; 

Figure 2 is an elevational view of a door opening and closing module as seen from the inside of the vehicle of 
Figure 1 with the interior cover removed; 
10 Figure 3 is a partially exploded view of the door opening and closing module of Figure 2; 

Figure 4 is an exploded view of the door opening and closing cable drive assembly of the module of Figure 2. 
Figure 5 is an enlarged sectional view of the cable drive pulleys and the cable drive pulley driven gear taken on 
the line 5-5 of Figure 2; 

Figure 6 is a sectional view of the cable drive pulley driven gear taken along line 6-6 in Figure 5; 
IS Figure 7 Is a sectional view of the cable drive pulley for the rear drive cable taken along line 7-7 in Figure 5; 

Figure B is a sectional view of the cable drive pulley for the rear drive cable taken along line 8-8 in Figure 5; 
Figure 9 is a schennatic perspective view of the centre track and roller system which supports and guides the sliding 
door of Figure 1 ; 

Figure 10 is a schematic perspective view of the vehicle of Figure 1 with the sliding door partially open; 
20 Figure 11 is a simplified schematic of a sliding door opening and closing cable and cable drive without cable 

tensfoners; ^ 

Figure 1 2 is a simplified schennatic of a sliding door opening and closing cable and cable drive with cable tensioners; 
Figure 13 is a schematic of the sliding door cable drive shown in Figures 2 to S with the cables being driven by 
the small diameter cable groove; and 
2S Figure 14 is a schematic of the sliding door cable drive similar to Figure 13 with the cables being driven by the 

large diameter spiral cable groove. 

Vehicles such as the passenger van 10 shown in Figure 1 have a hinged front passenger door 12 and a rear 
passenger door 14. The rear passenger door is commonly a sikiing door 14 mounted on rollers which run in tracks. 

30 The sliding door 14 is generally on the side of the van 10 opposite the driver's station. The van 10 as shown in Figure 
1 has a driver's station on the left side and the sliding door 1 4 is on the right side. Cargo or utility vans are also generally 
equipped with a sliding door 14. Sliding doors 14 provide large openings and avoid the danger of pivoting into an 
obstruction at the side of the van that would be encountered with a large hinged door. 

The sliding door 1 4 is supported and guided by an upper track 1 6, a centre track 1 8, and a lower track 20 as shown 

3S in Figures 9 and 10. An upper roller 22 is attached to the upper forward comer of the sliding door 14 and runs in the 
upper track 16. A lower roller 24 is attached to the lower fonward corner of the sliding door 14 and runs in the lower 
track 20. A hinge and roller assembly 26 is pivotally attached to the rear portion of the sliding door 14 between the 
upper and lower portions of the sliding door. The hinge and roller assembly 26 has a carriage 28. A support roller 30. 
pivotally attached to the carriage 28 for rotation about a generally horizontal axis, supports the rear portion of the sliding 

40 door 1 4 and runs in the centre track 1 8. Two guide rollers 32 and 34 are pivotally attached to the carriage 28 for rotation 
about generally vertical axes and run in an upper channel portion 36 of the centre track 18. A vertical hinge pin passes 
through a pair of hinge apertures 38 In the carriage 28 and through hinge apertures in a bracket attached to the rear 
edge of the sliding door 14 to connect the carriage to the sliding door. 

The sliding door 14 moves horizontally inward toward the centre of the van 10 for latching and sealing. Latches 

4S 40 and 42 are provided at the front and rear of the sliding door 1 4 which moves horizontally inward to compress resilient 
seals and to latch. Inward horizontal movement of the sliding door 14 is obtained by curving the fonward ends 44, 46 
and 48 of Ih e upper, centre and lower tracks 16.18 and 20 respectively inwardly toward the centre of the van 1 0. When 
the hinge and roller assembly 26 passes around the cun/ed forward end 46 of the centre track 18, the hinge apertures 
38 pivot inwardly and move the rear portion of the sliding door 1 4 horizontally inward toward the side of the van 10. 

so The sliding door 14 opening and closing module 50 includes a stamped sheet metal panel 52, a front cable roller 

guide assembly 54. a rear cable roller guide assembly 56 and a cable drive assembly 58 as shown in Figure 2. The 
stamped sheet metal panel 52 has multiple apertures for fasteners that secure the panel to a van body frame. These 
apertures include a front aperture 60. upper apertures 62 and 64, rear aperture 66 and bottom aperture 68, The front 
cable roller guide assembly 54 includes a nylon housing 70, reinforced with glass fibres, that is secured to the stamped 

55 sheet metal panel 52 by four rivets 72. A front cable 74 passes around the outboard side of a rear pulley 76 that rotates 
on a shaft 78 (Figure 3). around the inboard side of a front pulley 80 that rotates on a shaft 82. and then passes out 
of the front cable roller guide assembly 54 through a flexible rubber seal 84. A fastener passes through an aperture 
86 in the fonward portion of the front cable roller guide assembly 54, through an aligned aperture in the stamped sheet 
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metal panel 52 and into the van body franne to fix the position of the front cable roller guide assembly 54 relative to the 
centre track 18. 

The rear cable roller guide assembly 56 includes a nylon housing 88, reinforced with glass fibres, that Is secured 
to the stamped sheet metal panel 52 by two plastic fasteners 90 that pass through slots 92 in the nylon housing 88 

s and through apertures 94 in the stamped sheet metal panel 52. A tab 96 on the stamped sheet metal panel 52 extends 
horizontally through a slot 98 in nylon housing 88 and then upwardly to further secure the nylon housing 88 to the sheet 
metal panel. The slots 92 and the slot 98 in the nylon housing 88 permit fonward and rearward movement of the rear 
cable roller guide assembly 56 relative to the stamped sheet metal panel 52. A rear cable 100 passes over the top of 
a front pulley that rotates on a horizontal shaft 104, around the side of a pulley 106 that rotates on a vertical shaft 108, 

10 and then passes out through an aperture in the side of the van body in the rear portion of the centre track 18. A rigid 
cable seal 110. that is the shape of a tmncated cone with a cable slot 111, is an integral part of the nylon housing 88 
and passes through the aperture, in the side of the van body, for the rear cable 1 00. The rear cable roller guide assembly 
56 is secured directly to the van body frame by fasteners which pass through apertures 112 in the nylon housing 88 
and Into the van body frame to fix the position of the rear cable roller guide assembly 56 relative to the rear portion of 

IS the centre track 18. The slots 92 and the slot 98 in the nylon housing 88 allow the rear cable roller guide assembly 56 
to be posrttoned in the desired location relative to the rear portion of the centre track 18 independent of the stamped 
sheet metal panel 52. Allowing the nylon housing 88 to slide relative to the stamped sheet metal panel 52 allows the 
front cable roller guide assembly 54 and the rear cable roller guide assembly 56 to be positioned in the proper positions 
relative to the centre track 18 and to accommodate variations in the dimensions of the centr^track 18 and the body 

20 of the van 10 in which the door opening and closing module 50 is mounted. 

The front cable 74 extends from the cable drive assembly 58 to the front cable roller guide assembly 54 and to 
the hinge and roller assembly 26. The rear cable 1 00 extends from the cable drive assembly 58 to the rear cable roller 
guide assembly 56 and to the hinge and roller assembly 26. A free end of the front cable 74 and a free end of the rear 
cable 100 are attached to the hinge and roller assembly 26 to form a sliding door drive cable that functions as an 

2S endless cable loop with the hinge and roller assembly being a link in the endless cable toop. 

The cable drive assembly 58 Includes a driven gear 114 made of nylon with graphite and glass fibres. The driven 
gear 114 includes an integral shaft 116 which is rotatably supported in an aperture 118 in the stamped sheet metal 
panel 52 and in an aperture 120 in a cable drive housing 122. The cable drive housing 122 (Figures 3 and 4), which 
is made of nylon with graphite and glass fibres, is secured to the stamped sheet metal panel 52 by screws 124. The 

30 driven gear 1 14 is driven by a direct current electric nnotor 1 26, with a speed reduction gear box 1 28. and a drive gear 
130 that is in mesh with the driven gear 114. The speed reduction gear box 128 houses a worm-type speed reducer 
with an output shaft 1 32. The drive gear 1 30 is rotatably journaled on the output shaft 1 32 and can be locked to the 
output shaft by an electromagnetic clutch 134 when it is desired to drive the driven gear 114. The electromagnetic 
clutch 134 permits manual opening and closing of the sliding door 14 when the clutch is disengaged. 
35 A rear cable drive pulley 1 36, with a central bore 1 38, is mounted on the Integral shaft 116 adjacent to the driven 

gear 114. A drive lug 140 (Figures 6 and 7) on the rear cable drive pulley 136, that is radially spaced from the central 
bore 138. extends axialiy from the inboard side 154 (described below) of the rear cable drive pulley 136 and into a 
drive lug bore 142 in the driven gear 114. The drive lug 140 Insures that the rear cable drive pulley 136 rotates with 
the driven gear 114. 

40 A front cable drive pulley 144, with a central bore 146. is mounted on the integral shaft 116 adjacent to the rear 

cable drive pulley 136. A drive lug 148 (Figure 8). on the front cable drive pulley 144 that is radially spaced from the 
central bore 146. extends axialiy from the inboard side 154 (described below) of the front cabfe drive pulley 144 and 
into a drive lug bore 150 in the rear cable drive pulley 136. The drive lug 148 insures that the front cable drive pulley 
144 rotates with the rear cable drive pulley 136 and the driven gear 114. The front cable drive pulley 144 is adjacent 

4S to the stamped sheet metal panel 52. 

The rear cable drive pulley 136 is identical to the front cable drive pulley 144 to reduce the number of separate 
parts that are required. The functions to be performed by the front and rear cable drive pulleys 136 and 144 are not 
identical. As a result, both the front and rear cable drive pulleys 1 36 and 144 which are made from nylon with graphite 
and glass fibre reinforcement have some surfaces and features that are used on only one of the two cable drive pulleys. 

so The front and rear cable drive pulleys 136 and 144 each have an outboard side 152 that faces toward the stamped 
sheet metal panel 52. an Inboard side 1 54 that faces toward the cable drive housing 1 22 and the inside of the van 10. 
and a cylindrical outer surface 156 (Figure 5) that is concentric with the integral shaft 116 and the axis of rotation of 
the driven gear 114. The outboard side 1 52 of the front and rear cable drive pulleys 1 36 and 144 has a front cable end 
anchor aperture 1 58, with a cable slot 1 60 and a cable passage 1 62 (Figure 8). that extends radially outward from the 

ss anchor aperture 158 to the outboard end of a spiral cable groove 164 in the cylindrical outer surface 156. A curved 
cable groove 165 extends from the cable slot 160 to the spiral cable groove 164. A flange 167 retains the front cable 
74 in the cable groove 165 on the front cable drive pulley 1 44. An axialiy extending cylindrical cable slack take-up bore 
1 66 (Figure 5) is in the inboard side 1 54 and is radially outward from the central bore 1 38 or 1 46 of the rear and front 
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cable drive pulleys 136 and 144. The axially extending cable slack take-up bore 166 has a flat bottonn wall 168, a 
central bore 170, and a pair of arcuate tooth racks 172. The teeth in the arcuate tooth racks 172 extend axially into the 
axially extending cable slack take-up bore 1 66 from the flat bottom wall 1 68. A cable slack take-up pulley 1 74 is inserted 
into the axially extending cable slack take-up bore 1 66 in the rear cable drive pulley 1 36. The cable slack take-up pulley 

5 174 has a hollow cylindrical shaft 176 extending axially from its outboard side that is joumaled in the central bore 170 
of the rear cable drive pulley 136. The end of the hollow cylindrical shaft 176 that protrudes through the bottom wall 
1 68 has a series of slots that form flexible fingers 178. The fingers 178 have retainers 180 that extend radially outward 
from the hollow cylindrical shaft 1 76. A coil spring 1 82 is compressed between the outboard side 1 52 of the rear cable 
drive pulley 1 36 and the retainers 1 80. A pulley portion 1 84 (Figure 7) of the cable slack take-up pulley 1 74 has a cable 

10 groove 1 86, a rear cable end anchor aperture 1 88 with a cable slot 1 90. and a cable passage 1 92 that extends radially 
outward to the cable groove 186. Teeth 194 extend axially from the outboard side of the pulley portion 184 and form 
a circular rack which engages the two arcuate tooth racks 172. The teeth 194 cooperate with the tooth racks 172 to 
prevent rotatton of the cable slack take-up pulley 1 74 In one direction and to allow rotation of the cable slack take-up 
pulley 174 relative to the rear cable drive pulley 1 36 in the other directton to take up slack in the rear cable 100. The 

IS coil spring 182 biases the teeth 1 94 axially Into engagement with the teeth in the arcuate tooth racks 172 to hold the 
cable slack take-up pulley 174 in a fixed position relative to the rear cable drive pulley. A cylindrical shaft 196 extends 
axially from the inboard side of the cable slack take-up pulley 174 and through an aperture 1 98 through the driven gear 
1 14. The cylindrical shaft 1 96 has a central bore 200 and a central stot 202. The central bore 200 and the central slot 
202 are for a special tool which can move the cable slack take-up pulley 1 74 axially in an inboard direction, to disengage 

20 the teeth 1 94 from the arcuate tooth racks 1 72. rotate the cable slack take-up pulley 1 74 to take up or let out the rear 
cable 100 and then allow the coil spring 182 to move the cable slack take-up pulley in an outboard direction to reengage 
the teeth 1 94 with the arcuate tooth racks. A surface 203 on driven gear 114 contacts a surface 205 on the cable slack 
take-up pulley 174 to limit axial movement of the cable slack take-up pulley and to protect the coil spring 182. The 
outer surface of the cylindrical shaft 1 96 can be provided with a hexagon -shaped surface 204 that will accommodate 

2S Standard hand tools for turning the cable slack take-up pulley 174 to take up the rear cable 100. The teeth 194 will 
cooperate with the teeth in the arcuate tooth rack 172 to cam the cable slack take-up pulley 174 axially and allow the 
take up of slack in the rear cable 1 00. The cable slack take-up pulley 174 must be manually moved axially to disengage 
the teeth 1 94 before it can rotate to loosen the rear cable 100. 

A cable passage 206 (Figures 7 and 8) In the inboard side 154 of the rear and front cable drive pulleys 136 and 

30 1 44 extends generally tangentiaify from the cylindrical cable slack take-up bore 1 66 to a small diameter cable groove 
208 with a constant radius from the axis of the integral shaft 116. The small diameter cable groove 208 is connected 
to the inner end of the spiral cable groove 1 64 in the cylindrical outer surface 156 by a cable transition groove 210 with 
a radius from the centre of the central bore 1 38 or 1 46 that increases from the small diameter cable groove 208 to the 
spiral cable groove 164. The cable transition groove 210 has a substantial flange 212 to retain a slack rear cable 100 

35 or a slack front cable 74 in the transition groove 21 0. 

The front cable 74 has one end anchored in the front cable end anchor aperture 1 58 in the front cable drive pulley 
1 44 and extends from the front cable drive pulley 1 44 through the front cable roller guWe assembly 54 and to the hinge 
and roller assembly 26. The rear cable 100 has one end anchored in the rear cable end anchor aperture 188 in the 
cable slack take-up pulley 174 carried by the rear cable drive pulley 1 36 and extends from the rear cable drive pulley 

40 through the rear cable roller guide assembly 56 and to the hinge and roller assembly 26. The front cable 74 and the 
rear cable 100 are both attached to the hinge and roller assembly 26 to essentially form a continuous cable loop. A 
continuous cable loop is capable of moving a sliding door 1 4 in one direction or the other if the length of the cable loop 
required to move the sliding door remains constant or substantially constant. 

The sliding door 14 sides relatively freely along most of the length of the tracks 16. 18 and 20. When the sliding 

45 door 14 reaches the fonward portion of the tracks 16. 18 and 20 and moves along the curved forward ends 44. 46 and 
48 of the tracks, more force is required to change the direction of movement, to compress the seals and to latch the 
door latches 40 and 42. The sliding door 14 should travel at a fairly high speed during most of its travel in the tracks 
16. 1 8 and 20 so that people using the sliding door do not have to spend excessive time waiting for the door to open 
or to close. However, if the sliding door 14 moves at a fairly high rate of speed until the seal is compressed and the 

so latches are latched, the sliding door 1 4 has to decelerate rapidly. Rapid deceleration causes large forces and requires 
increases in the weight and strength of some vehicle components. By slowing the rate of movement of the sliding door 
14 before the door latches, it is possible to eliminate the large forces resulting from rapid deceleration and at the same 
time to provide increased force for compressing the door seals and for latching the door latches 40 and 42. This is 
accomplished by driving the front cable 74 with the small diameter cable groove 208 while compressing seals and 

55 latching latches and by unwinding the rear cable 100 from the small diameter cable groove during seal compression 
and door latching. During the initial opening movement of the sliding door 1 4. the driven gear 114 drives the rear cable 
drive pulley 136 to first wrap the rear cable 100 in the small diameter cable groove 208. Because the diameter of the 
srpall diameter cable groove 208 is small, the rear cable 100 pulls the sliding door 14 at a relatively slower speed. The 
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rear cable 100 engages the cable transition groove 210 as soon as the sliding door 14 has moved a short distance in 
the tracks 16, 13 and 20. The speed of movement of the sliding door 14 is increased from the time the rear cable 100 
is driven by the cable transition groove 210 at the connection between the small diameter cable groove 208 and the 
cable transition groove 210 until the rear cable starts to wrap in the spiral cable groove 164. The sliding door 14 moves 
5 rearwardiy at a relatively high speed as the rear cable 100 wraps up in the spiral cable groove 1 64. 

During the initial opening movement of the sliding door 14, the driven gear 114 drives the front cable drive pulley 
144 to first unwrap the front cable 74 from the small diameter cable groove 208 on the front cable drive pulley 144. 
Because the radius of the groove 208 is small, the front cable 74 unwinds relatively slowly from the front cable drive 
pulley 1 44. The front cable 74 next unwinds from the transition groove 21 0. The rate at which the front cable 74 unwinds 
10 from the transition groove 210 increases until the front cable 74 starts to unwrap from the spiral cable groove 1 64. The 
front cable 74 continues to unwind from the spiral cable groove 164 on the front cable drive pulley 144 until the sliding 
door 14 is open and the direct current electric motor 126 is turned off. The electric motor 126 is turned off before the 
sliding door 14 is at the ends of the tracks 16. 18 and 20 and the cable drive assembly 58 can coast to a stop. 

The sliding door 14 is closed by reversing the electric motor 1 26 so that the front cable drive pulley 144 starts to 
IS wind the front cable 74 in the spiral cable groove 164. The front cable 74 is driven by and winds up on the spiral cable 
groove 164 until the sliding door 14 is about two-thirds of the distance from the fully open position to the closed and 
latched position. The front cable 74 then starts to wind up on the cable transition groove 210. Because the radius of 
the transition groove 210 is decreasing as the front cable 74 winds up on the transition groove 210, the speed at which 
the sliding door 14 is travelling decreases. After the front cable 74 is wound up on the entire transition groove 210, the 
20 front cable starts to wind up on the snr^ll diameter cable groove 206. As the front cable 74 winds up on the small 
diameter cable groove 208, It travels at a relative slow speed, is guided horizontally Inwardly by the curved forward 
ends 44, 46 and 48 of the upper, centre and lower tracks 16, 18 and 20, compresses the resilient seal and is latched 
in a closed position. The direct current electric nnotor 126 drives the driven gear 11 4 through the electromagnetic clutch 
134 at a substantially constant speed and is capable of providing a substantially constant output torque. The small 
25 radius of the small diameter cable groove 208 relative to the spiral cabie groove 164 allows the cable drive assembly 
58 to exert a much larger tensran force on the front cable 74 during compression of the resilient seal and latching of 
the sliding door 14 than is exerted when the sliding door is driven by the front cable 74 wrapping up on the spiral cable 
groove 164 and the sliding door is travelling at a higher speed. 

During closing of the sliding door 14, the rear cable drive pulley 136 unwinds the rear cable 100 at substantially 
30 the same rate that the front cable drive pulley winds up the front cable 74. The rear cable 100 Is first unwound from 
the spiral cable groove 164 as the sliding door 14 is accelerated rapidly and nooves at high speed. When the sliding 
door 14 is about two thirds of the distance from the fully open position to the closed and latched position, the rear cable 
100 starts to unwind from the cable transition groove 210. The rate at which the rear cable 100 unwinds from the 
transition groove 21 0 decreases as the rear cable unwinds and the speed at which the sliding door 1 4 moves decreases. 
3S After the rear cabie 1 00 is unwound from the entire transition groove 21 0, the rear caWe starts to unwind from the small 
diameter cable groove 208. Due to the small radius of the small diameter cable groove 208, the rear cable 100 unwinds 
at a relatively slow rate. After the resilient seal is compressed and the sliding door 14 is latched in a closed position, 
the electric motor 126 is turned off and the electromagnetic clutch 134 is disengaged. 

A cable tension system 220 (Figures 3 and 4) is provided in the cable drive housing 1 22 for the cable drive assembly 
40 58. The cable tension system 220 includes a front cable tensioner assembly 222 and a separate rear cable tensioner 
assembly 224. The front cable tensioner assernbly 222 includes a fixed idler roller 226 and a spring biased idler roller 
228. The fixed idler roller 225 is rotatably journaled in a bore 230 in the cable drive housing 122 and a bore 232 in the 
stamped sheet metal panel 52. The spring biased idler roller 228 is rotatably journaled in bosses 234 in a U-shaped 
idler roller support bracket 236. The idler roller support bracket 236 has guide bosses 238 and 240 on each side. The 
45 guide bosses 238 and 240 on one side of the idler roller support bracket 236 are positioned in a slot 242 in the cable 
drive housing 122. The guide bosses 238 and 240 on the other side of the U-shaped idler roller support bracket 236 
are pbsitk^ned in a slot 244 in the stamped sheet metal panel 52. A coiled tension spring 246 is connected to the base 
of the U-shaped idler roller support bracket 236 and to an aperture 247 in the bottom of a cavity 248 In the cable drive 
housing 122. The base of the U-shaped idler roller support bracket 236 has stop surfaces 250 which contact the top 
50 of the cavity 248 and flanges 252 which telescope into the cavity when the U-shaped idler roller support bracket is 
positioned in the bottom of the slots 242 and 244. The spring biased idler roller 228 is positioned above the front cable 
74 between the fixed idler roller 226 and the front cable drive pulley 144 and is biased into contact with the front cable 
74. The spring biased idler roller 228 increases tension in the front cable 74 and tends to wrap the front cable on the 
front cable drive pulley 144 and to increase the amount of cable taken up in the front cable tensioner assembly 222. 
ss The U-shaped idler roller support bracket 236 slides upwardly in the slots 242 and 244 when tenston in the front cable 
74 forces the spring biased roller 228 upwardly and the coiled tensbn spring 246 is loaded. 

The separate rear cable tensioner assembly 224 includes a fixed ki\er roller 254 and a spring biased idler roller 
256. The fixed kiler roller 254 is rotatably journaled in a bore 258 in the cable drive housing 122 and a bore 260 in the 
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stamped sheet metal panel 52. The spring biased idler roller 256 is rotatably joumaled in bosses 262 in a U-shaped 
idler roller support bracket 264. The Idler roller support bracket 264 has guide bosses 266 and 268 on each side. The 
guide bosses 266 and 268. on one side of the idler roller support bracket 264. are positioned in a slot 270 in the cable 
drive housing 122, The guide bosses 266 and 268 on the other side of the U-shaped idler roller support bracket 264 

5 are positioned in a slot 272 in the stamped sheet metal panel 52. A coiled tension spring 274 is connected to the base 
of the U-shaped idler roller support bracket 264 and to an aperture 275 in the bottom of a cavity 276 in the cable drive 
housing 122, The base of the U-shaped idler roller support bracket 264 has a stop surface 278 whfch contacts the top 
of the cavity 276 and flanges 280 which telescope into the cavity when the U-shaped Idler roller support bracket is 
positioned in the bottom of the slots 270 and 272. The spring biased idler roller 256 is positioned above the rear cable 

10 100 between the fixed idler roller 254 and the rear cable drive pulley 1 36 and is biased into contact with the rear cable 
100. The spring biased idler roller 256 increases tension in the rear cable 100 and tends to wrap the rear cable on the 
rear cable drive pulley 1 36 and to increase the amount of cable taken up in the cable tensioner assembly 256. The U- 
shaped idler roller support bracket 264 slides upwardly in the stots 270 and 272 when tension in the rear cable 100 
forces the spring biased roller 254 upwardly and the coiled tension spring 274 is further loaded. 

IS The spring biased idler roller 228 applies a force to the front cable 74 along a line that passes through the axis of 

rotation of the spring biased idler roller and through the centre of the arc formed In the front cable by contact between 
the front cable and the spring biased idler roller. The line along which the spring biased idler roller 228 applies force 
to the front cable 74 is perpendicular to a tangent to the centre of the arc formed in the front cable by contact between 
the spring biased idler roller and the front cable. The coiled tension spring 246 would exert maximum force on the front 

20 cable 74 by applying force to the spring biased idler roller 228 in the same direction as the spring biased idler roller 
applies force to the front cable 74. The slots 242 and 244 along which the U-shaped kJler roller support bracket 236 
slides are preferably parallel to the line atong which the spring biased idler roller applies force to the front cable 74, 
The direction in which the spring biased idler roller 228 applies force to the front cable 74 Is different when the front 
cable is driven by the spiral cable groove 1 64 on the front drive pulley 144 than the direction in which the spring biased 

2S idler roller applies force to the front cable when the front cable is driven by the small diameter cable groove 208. The 
change in the direction force is applied to the front cable 74 by the spring biased idler roller 228 can be reduced by 
spacing the spring biased idler roller further from the front cable drive pulley 1 44, The slots 242 and 244 are positioned 
so that they extend in a direction that is between the two directions in which the spring biased WIer roller 228 applies 
force to the front cable 74. 

30 The above explanation concerning the placement of the front cable tensioner assembly 222 also applies to the 

placement of the rear cable tensioner assembly 224. This arrangement of the slots 242. 244. 270 and 272 tends to 
keep the cable tension substantially constant for a given elongation of the coiled tension springs 246 and 274. 

The sliding door 14 opening and closing module 50 is installed in the van 10 with the rear cable 100 unwrapped 
from the cable slack take-up pulley 174. After the opening and closing module 50 is secured to the van body frame, 

35 the front cable 74 is attached to the hinge and roller assembly 26 and the rear cable 1 00 is attached to the hinge and 
roller assembly. The sliding door 14 is manually moved to or nearly to the closed positton. With the sliding door either 
In or close to the closed position, the cable slack take-up pulley 174 is rotated to wrap the rear cable 100 in cable 
groove 186. As the rear cable 100 is wrapped on the cable slack take-up pulley 174. slack is removed from the front 
and rear cables 74 and 100 and the cables engage the spring biased idler rollers 228 and 256. Continued rotation of 

40 the cable slack take-up pulley 174 lifts the U-shaped idler roller support brackets 236 and 264 from the top of the 
cavities 248 and 276 and loads the coiled tension springs 246 and 274. When the U-shaped idler roller support brackets 
236 and 264 have been raised to positions which provide the desired preload on the coiled tension springs 246 and 
274 and the desired cable tension in the front and rear cables 74 and 1 00, the cable slack take-up pulley 1 74 is allowed 
to move axlally so that the teeth 194 engage the tooth racks 172 and the cable slack take-up pulley 174 is locked in a 

45 fixed position relative to the rear cable drive pulley 136. If tension in the front and rear cables 74 and 100 needs to be 
changed or readjusted, the cable slack take-up pulley 174 can be moved axially away from the tooth racks 172 and 
the cable slack take-up pulley 174 can be rotated to either increase tension or decrease tension in the front and rear 
cables 74 and 100. When the tension is properly set, the cable slack take-up pulley 174 Is moved axially so that the 
teeth 1 94 engage the tooth racks 1 72 and lock the cable slack take-up pulley 174 relative to the rear cable drive pulley 

so 136. m ■ ' ■ 

The cable drive housing 122 has a plurality of cable retainer bars 282. The cable retainer bars 282 are parallel to 
the axis of rotation of the integral shaft 116 of the driven gear 114 and extend radially inward toward the cylindrical 
outer surface 156 of the front and rear cable drive pulleyis 136 and 144. The retainer bars 282 do not contact the 
cylindrical outer surfaces 156 but are sufficiently close to retain the front and rear cables 74 and 100 in the spiral cable 

55 grooves 1 64 on the front and rear cable drive pulleys 1 36 and 1 44. 

A guide surface 284 (Figures 7 and 8), on the inboard side 154 of the front and rear cable drive pulleys 136 and 
144. is in alignment with the small diameter cable groove 208 and is parallel to a tangent to the small diameter cable 
groove. The radially outer end of the guide surface 284 is connected to the spiral cable groove 164 by an arcuate 
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surface 286. During normal operation of the door opening and closing oKxiule 50. neither the front or rear cables 74 
and 100 contact the guide surface 284. The rear cable 100 extends from the cable stack take-up pulley 174, through 
the cable passage 205, and along the small diameter cable groove 208 and the cable transition groove 210. The rear 
cable 100 extends away from the guide surface 284 and woukJ not contact the guide surface. When the sliding door 
14 is moved to the closed position, the front cable 74 is wrapped up in the spiral cable groove 1 64, in the cable transition 
groove 210 and in the small diameter cable groove 208. The sliding door 14 should be closed and the direct current 
electric motor 126 should be turned off well before the front cable 74 contacts the guide surface 284 In the event that 
there is a malfunction of a control system 300 (described below] or the front or rear cable 74 or 100 fails, the front 
cable 74 will be directed into the spiral cable groove 164 by the guide surface 284 and the arcuate surface 286. The 
rear cable 1 00 could also be directed into the spiral cable groove 1 64 by the guide surface 284 and the arcuate surface 
286 In the event of some cable failures. By directing the front or rear cable 74 or 100 into the spiral cable groove 164, 
binding of a cable between the rear cable drive pulley 1 36 or the front cable drive pulley 1 44 and the cable drive housing 
122 can be avoided Such binding could damage the door opening and closing module 50. 

The control system 300, as shown in Figure 10, for controlling the opening and closing of the sliding door 14 can 
be a micro-processor controlled system with a controller 302» appropriate control switches, and appropriate sensors. 
Upon receiving an open signal from a control switch 304, the controller 302 activates an electrical door lock release 
306 and unlatches the door latches 40, 42 by way of latch controller 308, When sensors (not shown) sense that the 
sliding door 14 is unlatched, the controller 302 activates the door opening and closing module 50 to open the sliding 
door When a sensor (not shown) indicates that the sliding door 14 is open, the controller 30^^ deactivates the direct 
current electric motor 126. Upon receiving a close signal from a control switch 304, the controller 302 activates the 
door opening and closing module 50 to close the sliding door 14. When a sensor (not shown) indicates that the sliding 
door 14 is latched closed, the controller 302 deactivates the direct current electric motor 126. 

A simplified schematic of the cable drive system is shown in Figure 11 . The schematic includes the rear cable drive 
pulley 136. the front cable drive pulley (144) behind the rear cable drive pulley, the fixed idler roller 226, the fixed kller 
roller 254, and the hinge and roller assembly 26 that is guided by the centre track 18, The rear and front cable drive 
pulleys 136 and 144 include the large diameter spiral cable grooves 164. the small diameter cable grooves 208 with 
a constant radius, and the cable transition grooves 210. The front cable 74 Is shown on the large diameter spiral cable 
groove 164 as well as on the small diameter cable groove 208. The rear cable 100 Is also shown on the large diameter 
cable groove 164 as well as on the small diameter cable groove 208. When the sliding door 14 is closed, the front 
cable 74 and the rear cable 1 00 are both extending from the small diameter cable grooves 208. When the sliding door 
14 is open, the front cable 74 and the rear cable 100 both extend from the large diameter cable groove 164. For 
convenience and simplification, the fixed idler rollers 226 and 254 are positioned so that the front cable 74 and the 
rear cable 100 are in a straight line between the fixed idler rollers 226 and 254 when the front and rear cables 74 and 
100 extend out from the small diameter cable grooves 208 as shown in Figure 11 . 

The portion AE of the front cable 74 plus the portion CD of the rear cable 100, in an ideal system and as shown 
in Figure 11. have a constant total length. The length of cable between points A and C on the small diameter cable 
grooves 208 is obviously less than the length of cable on the large diameter spiral cable grooves 164. If the length of 
cable between points A and C were the same on both the small diameter cable grooves 208 and the large diameter 
spiral cable grooves 164, the system would be balanced because the total length of cable in either path would be the 
same. In a balanced cable length system, the length of cable sections AB + BC is equal to the length of cable sections 
AF + FG + GH + HJ + JC. It should be noted that cable sections AF, GH and JC are arcs. Subtracting the length AB + 
BC from the length AF + FG + GH + HJ + JC gij/es the extra length of cable between points A a|id C on the spiral cable 
grooves 1 64. Knowing the extra length of cable between points A and C on the large diameter spiral cable grooves 
164 and the radius of the large diameter cable groove, the angular space required to store the extra cable length can 
be calculated. Rotation of the rear cable drive pulley 136 to remove the extra cable from the spiral cable groove 164 
also rotates the small diameter cable groove 208. When one of the spiral cable grooves 164 Is rotated to remove cable 
stored in the system, one of the small diameter cable grooves 208 adds cable to the system from the small diameter 
cable grooves 208. The cable added to the system when it is being driven by the small diameter cable grooves 208 
has to be considered when balancing cable length. 

The angle required to remove the section of extra cable on the spiral cable grooves 164 and to account for cable 
added by the small diameter cable grooves 208 to balance cable length is represented by the angle a in Figure 11. 
The angle a is the angle between the line XG and the line XZ. The extra cable that needs to be removed from the 
system to balance the system is the arc length GZ. 

The angle a is referred to as the offset angle. The offset angle Is calculated by the following formula: 



OFFSETANGLEa. LDL-SDL 



n/180x(LR-SR) 
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Where 

Large Radius 
Small Radius 

Large Diameter Effective Loop Length 
Small Diameter Effective Loop Length 

If W9 draw a tangent to the spiral cable groove 164 through point Z and then pivot point A on the fixed idler roller 226 
in an arc about point B until point A contacts the tangent through point Z. the arc length GZ is removed from the system 
10 and the system is approximately balanced. The system is not exactly balanced because moving the fixed idler roller 
226 changes the location of point F and the location of point B. It is, however, close to being balanced for cable length. 

There are an infinite number of positions for the fixed idler rollers 226 and 254 which will require the same total 
length of cable in the loop when the front and rear cables 74 and 100 are on the spiral cable grooves 164 as when the 
front and rear cables are on the small diameter cable grooves 208. The location of these positions for the fixed idler 
IS rollers 226 and 254 depends upon the diameter of the small diameter cable grooves 208, the diameter of the spiral 
cable grooves 164. the diameter of the fixed idler rollers 226 and 254 and the location of the fixed idler rollers relative 
to the axis of rotation of the rear cable drive pulley 136 and the front cable drive pulley 144. If we elect to have the 
fixed idler rollers 226 and 254 the same distance from the axis of rotation of the rear and front cable drive pulleys 1 36 
and 1 44. there is one position for the fixed idler roller 226 and one position for the fixed idler roller 254 that will balance 
20 the effective lengths of the front and rear cables 74 and 100 In the continuous cable loop that drives the sliding door 
14. The determination of the locations of the fixed Idler rollers 226 and 254 which will precisely balance the system is 
difficult to calculate. Changing the position of one of the fixed idler rollers 226 or 254 changes the relationship between 
the fixed idler roller and the front or rear cable 74 or 100 when the cable is in contact with the spiral cable groove 164 
and when the cable is in contact with the small diameter cable groove 208. and also changes the relationship between 
2S the cable and the spiral cable groove and the relationship between the cable and the small diameter cable groove. 

By placing the fixed idler rollers 226 and 254 in the proper location, the effective length of cable in the cable loop 
driving the sliding door 1 4 when the front and rear cables 74 and 1 00 extend out from the spiral cable groove 1 64 and 
will be the same as the effective length of the cable loop driving the sliding door when the front and rear cables extend 
out from the small diameter cable grooves 208. The cable length can also be balanced by rotating the front and rear 
30 cable drive pulleys 1 44 and 1 36 relative to each other to remove excess cable and the fixed idler rollers 226 and 254 
in the positions shown in Figure 11. It would also be possible to balance cable length by rotating the front and rear 
cable drive pulleys 144 and 136 relative to each other to remove part of the excess cable and moving the fixed idler 
rollers 226 and 254 to remove the remainder of the excess cable. 

Manufacturing variations and errors makes it impossible to maintain exactly the same effective length of cable in 
55 the system at all times. The tracks 16. 18 and 20 that guWe the sliding door.14 vary in shape as do the various rollers 
in the system. Most of these variations are small and have little effect on operation of the door. The hinge and roller 
assembly 26 has a substantial effect on the total length of cable required in the system. When the hinge and roller 
assembly 26 is travelling in the straight portion of the centre track 18, the front cable 74 is in contact with the surface 
of the cun/ed fonA^ard end 46 of the centre track. As the hinge and roller assembly 26 enters the curved forward end 
40 46 of the centre track 1 8, the front cable 74 is held out from the inside surface of the curved fonward end. This requires 
an increase in the length of cable in the cable loop. The increased length of cable is required ai the same time the 
speed of movement of the sliding door 14 is decreased and more force is applied to the sliding door 14 to move the 
door inward, compress the door seal, and to latch the sliding door in a closed position. The rate of movement of the 
sliding door 14 is decreased by changing the driving surface from the spiral cable groove 164 to the small diameter 
4S cable groove 208 with a small constant radius. By changing the timing between the cable transition groove 21 0 on the 
rear cable drive pulley 1 36 and the front cable drive pulley 144 so that the front cable 74 starts to be wrapped up on 
the transition groove 210 on the front cable drive pulley 144 while the rear cable 100 is still being unwrapped from the 
spiral cable groove 1 64 on the rear cable drive pulley 1 36. extra cable is fed into the cable loop and the slack necessary 
for the hinge and roller assembly 26 to travel along the curved forward end 46 of the centre track 18 is available. The 
so change in liming required is a few degrees. The timing change is obtained by offsetting the drive lug 1 40 and the drive 
lug 148 on the cable drive pulleys 1 36 and 144 from the bore 150 in the cable drive pulleys. 

Offsetting the cable transition groove 21 0 on the rear cable drive pulley 1 36 relative to the cable transition groove 
210 on the front cable drive pulley 144 means that the rate at which the front cable 74 is fed into the continuous loop 
is different than the rate at which the rear cable 100 is removed from the continuous loop when the sliding door 14 is 
55 being opened during a portion of the rotary movement of the front and rear drive pulleys. The amount of cable In the 
continuous cable Ipop also varies when the sliding door 14 is being closed. Because the amount of extra cable fed into 
or taken from the continuous loop is not identical to the extra length of cable required as the hinge and roller assembly 
26 moves along the cun/ed end 46 of the centre track 18 and because the cable transition grooves 210 are not timed 



LR = 
SR = 
5 LDL = 
SDL = 
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precisely with the hinge and roller assembly 26. a cable tension system may also be required to maintain cable tension. 
A cable tension system is also required to accomrriodate temperature changes, manufacturing errors and variations 
and to accommodate deviations in the design of the door opening and closing module 50 from the ideal. The cable 
tension system must insure that the position of the sliding door 14 Is positively controlled at all times. The front cable 

5 74 and the rear cable 100 must both exert a force on the hinge and roller assembly 26 at ail times during normal 
operation of the door opening and closing module 50. If extra cable is fed into the continuous loop and the front or rear 
cable 74 or 100 become slack, the sliding door 14 can make an unplanned movement that will result in high impact 
loads in the system. A loose cable may also become fouled. 

The cable tension system 220. as set forth earlier, accommodates the need for variations in the length of the cable 

10 loop, set forth above, and maintains adequate tension on the front cable 74 and the rear cable 100 at all times. The 
cable tension required depends upon the size and weight of the sliding door 14 to be closed, the force required to latch 
the sliding door closed, and the force required to accelerate and move the sliding door. 

Figure 12 is a simplified schematic of the sliding door 14 opening and closing system. The spring biased idler 
rollers 228 and 256 must be balanced to provide the required tension in the front cable 74 and the rear cable 100 when 

IS the cables are driven by the spiral cable grooves 1 64 and when the cables are driven by the small diameter cable 
grooves 208 with a small constant radius. By balancing cable tension, the effort required to manually open the sliding 
door 14 is substantially the same when the front and rear cables 74 and 100 are in the small diameter cable grooves 
208 as when the front and rear cables are in the large diameter spiral cable grooves 164. The cable tenston when the 
front and rear cables 74 and 100 are driven by the small diameter cable groove 208 can be balanced with the cable 

20 tension when the cables are driven by the spiral cable grooves 164 by altering the effective cable length of the system. 
The effective cable length stored on the spiral cable grooves 164 can be reduced by offsetting the rear cable drive 
pulley 136 relative to the front cable drive pulley 144. The length of cable stored on the spiral cable grooves 164 can 
also be changed by changing the point at which a cable extends outwardly or tangentially away from the spiral cable 
grooves. 

25 The first step to balance cable tension Is to calculate the angle between the line of travel of the spring biased kiler 

rollers 228 and 256 and cable between the fixed idler rollers 226 and 254 and the spring biased idler rollers with the 
spring biased rollers in different positions. This is the angle 9^ in Figure 12. The angle $2 formed by the front and rear 
cables 74 and 100 on both sides of the spring biased idler rollers 228 and 256 with the idler rollers in different positions 
is also calculated. The angles 9^ and 63 are calculated with the front and rear cables 74 and 100 being driven by both 

30 the small diameter cable grooves 208 with a constant radius and by the spiral cable grooves 1 64. The angle 62 for the 
front cable tensbner 222 is the angle between the cable segments cd and ef when the front cable 74 is driven by the 
spiral cable groove 164 and the angle between the cable segments cd and pq when the front cable 74 is driven by the 
small diameter cable groove 208. The angle 62 for the rear cable tensioner assembly 224 is the angle between the 
cable segments jk and gh when the rear cable 1 00 Is driven by the spiral cable groove 1 64 and the angle between the 

35 cable segments jk and rs when the rear cable 100 is driven by the small diameter cable groove 208. 

Step two is to calculate the cable tension when the front and rear cables 74 and 100 are driven by the small 
diameter cable grooves 208 for both the front cable and the rear cable with the spring biased idler rollers 228 and 256 
in the different positions for which angles 6, and 62 were calculated. The formula for determining cable tension is: 

[(TT X SR) + PT] X COS (9- - 82) 
CABLE TENSI9N = ^COS9^ ^ ( . 

Where 

45 

TT = Tensioner Travel 

SR = Spring Rate 

PT = Pre-Tension In the Springs 

GO Step three is to calculate the cable tension, when the front and rear cables 74 and 100 are driven by the spiral 

cable grooves 164, for both the front cable and the rear cable with the spring biased idler rollers 228 and 256 in the 
different positions for which angles 9^ and 82 were calculated. The cable tension is calculated using the formula set 
forth above. The position of the spring biased idler rollers 228 and 256 in the slots 242, 244, 270 and 272 that provide 
the desired cable tension can be determined. 

55 Step four is to determine the effective lengths of the front cable 74 and the rear cable 100 with the cables driven 

by the small diameter cable groove 208 and with the cables driven by the spiral cable grooves 1 64. The effective length 
of the front and rear cables 74 and 1 00 with the cables driven by the spiral cable groove 1 64 and with the spring biased 
idler rollers 228 and 256 in the position which provides the desired tension in the front and rear cables is: 
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Effective length (driven by spiral cable groove 164) = 
ELLD = segment ab + arc be + segment cd + arc de + 
segment ef + arc fg + segment gh + arc hj + segment jk 
+ arc km + segment mn. 

Effective length (driven by small diameter cable 
groove 208) = ELSD = segment ab + arc be + segment cd 
+ arc dp + segment pg + arc gr + segment rs + arc sj + 
segment jk + arc km + segment mn. 



Step five is to determine the difference in the two effective lengths and then determine the offset angle 9^ between 
20 the rear cable drive pulley 1 36 and the front cable drive pulley 1 44 to remove the difference between the two effective 
lengths. The offset 0, angle is calculated by the following formula: 



r^« ♦ A I n ELLD ' ELSD 
Offset Angle ^^^^ ^^^.SR) 



LR = radius of spiral cable groove 164 
SR = radius of cable groove 208 



One of the fixed idler rollers 226 or 254 and the adjacent spring biased idler roller 228 or 256 can be rotated about 

30 the axis of the rear cable drive pulley 1 36 and the axis of the front cable drive pulley 1 44 by the offset angle to balance 
the cable tension system 220. The cable tension can also be balanced by rotating the rear cable drive pulley 136 
relative to the front cable drive pulley 1 44 by the offset angle without moving the fixed idler rollers 226 and 254 and 
the spring biased idler rollers 228 and 256. The cable tension can also be balanced by a combination of the two 
procedures to remove the same total length of excess cable. 

3S Adjustment of the cable tension with the sliding door 14 opening and closing module 50 disclosed and with dimen- 

sions chosen for the cable drive pulleys 1 36 and 1 44, the idler rollers 226. 228. 254 and 256, with the coiled tension 
springs 246 and 274 that are used and with other variables requires an offset angle e, that is a little larger than the 
offset angle a required to balance the length of the cables 74 and 100. Because the offset angle to balance cable 
tension is larger than the offset angle a to balance cable length, moving the fixed idler roller 226 or 254 by the larger 

40 offset angle Bj over adjusts cable length. Because the offset angle 8^ over adjusts cable length, the front cable tensioner 
222 and the rear cable tensioner 224 are drawn to balanced tension positions. 

A cable tension system other than the cable tension system 220 can be used with the door opening and closing 
module 50 if desired. If a different cable tension system is used, the location of the fixed idler rollers 226 and 254 must 
be detenriined which will balance the cable length as set forth above. With a different cable tension system the offset 

45 angle a, to balance cable length may be the same or larger than the offset angel 8t to balance cable tension. 

Figures 13 and 14 are schematics of the cable drive disclosed above. The positton of the fixed idler rollers 226 
and 254, the spring biased idler rollers 228 and 256, and the offset between the cable transition groove 210 on the 
rear cable drive pulley 1 36 and the cable transition groove 210 on the front cable drive pulley 144 is clearly shown. 
The cable transition groove 210 shown in a solid line Is the groove for the front cable 74 on the front cable drive pulley 

so 144. The cable transition groove 210 shown in a broken line is the groove for the rear cable 1 00 on the rear cable drive 
pulley 1 36. The offset occurs because the drive lug 1 40 on the rear cable drive pulley 1 36 is offset from the bore 1 50 
in the rear cable drive pulley, and the drive lug 148 on the front cable drive pulley 144 Is therefore offset from the drive 
lug 140 on the rear cable drive pulley 1 36. 

When the drive lug 148 on the front cable drive pulley 144 is inserted into the bore 150 in the rear cable drive 

£5 pulley 1 36. the timing between the transition groove 210 on the rear cable drive pulley 1 36 and the transition groove 
210 on the front cable drive pulley 144 is set. 

Reference is drawn to our related patent applications nos. (MJD/G-9640); (MJD/G-9642) ; 

and (MJD/G-8252), filed the same day as the present application. 
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^.s^jrt'rt 9 cable drive assembly (58) 
• n and Cosino system tor a sliding door (14) of a ^^'^'^ f^^/^-^;?^;^^^^^^ diameter cable 

a first diameter cable 9«»^^J;°^' J ^^,3^ drives the front and rear cable drwe P^I'^V^ ° ^^^^ j^om the front 
rSL^r^'il^'^^Srdlec'L to ^^^^ 

rd^eX^^^^^^^^^^ 

tor connection to the sliding dtW a ^.^^^^ ro„er (fa.ZSB) ^ 

rd.?roSr(256)engagetherearcable(100). .,er rollers (226,254) and two 



rear cable (100). 



30 PatentansprOche 



3S 



40 
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sntansprOche Seilantriebsanordnung 

(74) in Eingriff befinden. 
(100) in Eingriff befinden. 
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mit zwei festen Leerlaulerrollen (226, 254) und zwei federvorgespannten Leeriauferrolten (228. 256), v/obei die 
eine der festen Leerlauferrollen und die eine der federvorgespannten Leerlauferrollen sich nnit dem vorderen Seil 
(74) in Eingriff befinden und die andere der festen Leerlauferrolle und die andere der federvorgespannten Leer- 
lauterrolle sich mit dem hinteren Seil (100) in Eingriff befinden. 



Revendicattons 

1. Syst6me d'ouverture et de fermeture de portes pour une porte coulissante (14) tfun v^hicule, comprenant un 
ensemble (58) d'entrainement par c^las incluant une poulie ( 1 44) d'entrainement de cfible avant ayant une rainure 
k cable (164) d'un premier diam6tre et une rainure k cSble (208) d'un second diamdtre, infdrieur au premier dia- 
m^tre, la poulie pouvant toumer autour d'un axe, et line poulie (136) d'entraTnement de cdble arri^re ayant une 
rainure k c^ble (1 64) d'un premier diamdtre et une rainure k cfible (208) d'un second diam6tre, infdrieur au premier 
diamfetre, la poulie pouvant tourner autour d'un axe; un moteur (126) qui entraTne les poulies d'entraTnement de 
cable dans une direction pour ouvrir la porte coulissante, et dans une autre direction pour fermer la porte coulis- 
sante; un cable avant (74) qui s'dtend a partir de la poulie d'entraTnement de cable avant de mani^re ^ pouvoir 
etre relid k la porte coulissante; un cable arri^re (100) qui s'dtend a partir de ia poulie d'entraTnement de cable 
arri&re de manidre a pouvoir atre relid a la porte coulissante; un routeau fou fixe (226, 254) espaca par rapport a 
I'une des poulies d'entraTnement d© cable avant ou arri6re et plac6 en contact avec Tun des cables avant ou arriare; 
un rouleau fou (228, 256) pr^contraint par ressort, positionnd entre ladite une poulie d'entraTnement de cable et 
le rouleau fou fixe, et rappeia par un ressort en contact avec ledit un cable, de maniare a appliquer une tension 
audit cable, 

dans lequel le rouleau fou fixe et le rouleau fou pr6contraint par ressort sont positionn6s d'une maniare telle qu'ils 
assurent une tension du cable, qui, iorsque ledit cable est entraind par la rainure a cable respective pr^sentant le 
premier diamatre. est essentiellement agale a la tension du cable craae Iorsque ledit cSble est entraTna par la 
rainure a cable respective prasentant le deuxiame diamatre. 

2. Systame rfouverture et de fermeture de portes selon la revendication 1, dans lequel le rouleau fou fixe (226) et 
le rouleau fou (228) pracontraint par ressort sont en prise avec Is cable avant (74). 

3. Systame d'ouverture et de fermeture de portes selon la revendication 1 . dans lequel le rouleau fou fixe (254) et 
le rouleau fou (256) pracontraint par ressort sont en prise avec le cable arriare (100). 

4. Systame d'ouverture et de fermeture de portes selon la revendication 1, comprenant deux rouleaux fous fixes 
(226. 254) et deux rouleaux fous (228, 256) pracontraints par ressorts, I'un des rouleaux fous fixes et I'un des 
rouleaux fous pracontraints par ressorts atant en engagement avec le cable avant (74). et I'autre des rouleaux 
fous fixes et des rouleaux fous pracontraints par ressorts atant en engagement avec le cable arriare (100). 
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